SUMMARY The concentrations of penicillin in the cerebrospinal fluid (CSF) were compared simultaneously with those in the serum in 17 patients with syphilis. The antibiotic concentrations were measured by the agar well diffusion method. There were no detectable concentrations of penicillin in the CSF after administration of benzathine penicillin 2-4 megaunits, benzathine penicillin 7-2 megaunits, procaine penicillin in aluminium monostearate (PAM) 12 megaunits, or aqueous procaine penicillin G 2-4 megaunits. Only after high doses of aqueous penicillin G 24 megaunits daily or aqueous penicillin G 2 megaunits daily together with oral probenecid 2 g daily was penicillin detectable in the CSF. The concentrations after the latter regimen were the highest and much higher than the minimum inhibitory concentration for Treponema pallidum.
Introduction
Even though penicillin is the drug of choice in the treatment of syphilis,' the results in the late stages, especially in neurosyphilis, are still not perfect.2
Viable treponemes have been detected after treatment with the recommended dosage of penicillin. 47 Mohr et a18 reported that 12 of their 13 patients who received benzathine penicillin G intramuscularly (im) for the treatment of neurosyphilis had no detectable penicillin in the cerebrospinal fluid (CSF) and suggested that the drug might have to be given intravenously (iv) to produce an effective concentration in the CSF. Yoder9 reported that in one patient treated with procaine penicillin G 600 000 IU by daily intramuscular injection the drug concentration in the CSF after five days was less than 0-017 IU/ml. The minimum fully treponemicidal concentration of penicillin recommended by the World Health Organisation is 0 03 IU (0-018 Mg) per ml.'0 For effective treatment of neurosyphilis it seems logical that this concentration should be achieved in the CSF. Boger et alI found that by giving penicillin intramuscularly together with oral carinamide, which inhibits renal tubular excretion of penicillin, the concentrations in the CSF of patients with neurosyphilis were higher than when penicillin was given alone.
The purpose of this study was to measure the penicillin concentrations in the CSF of patients with syphilis after different recommended dosages of penicillin and to compare them with those after a new regimen using parenteral penicillin together with oral probenecid.
Patients and methods
From January 1978 all patients who were diagnosed as having secondary, latent, and late syphilis and neurosyphilis at Ramathibodi Hospital were studied. Only with a high dose of aqueous penicillin-that is, 4 megaunits iv every four hours, giving a serum concentration of 56 05 IU/ml at 30 minutes after the first dose-was the drug detected in the CSF (0 044 IU/ml). With this regimen-even at 15 minutes before the last dose, which theoretically was the time of low serum concentration (3'453 IU/ml)-a high penicillin concentration could still be detected in the CSF (0-579 IU/ml).
Interestingly, patients receiving aqueous penicillin G 500 000 IU iv with oral probenecid 500 mg 30 minutes before injection every six hours showed high serum concentrations ranging from 1-85 to 6 05 IU/ml (mean 3-833 IVJ/ml) with simultaneous CSF concentrations ranging from 0 to 2-838 IU/ml (mean 0 75 IU/ml) at three hours after the first dose of penicillin on the fifth day of treatment. The mean CSF concentrations of penicillin at three hours after the first dose on the tenth and twentieth days were 0-521 and 0 608 IU/ml respectively whereas the simultaneous serum concentrations were 4'923 and 4 033 IU/ml respectively.
The CSF concentrations as the mean percentage of the serum concentrations were 19-57% on the fifth day, 10-58% on the tenth day, and 15-08% on the twentieth day.
penicillin G 2-4 megaunits iv daily. After high doses of aqueous penicillin G (24 megaunits iv daily) sufficient penicillin could be detected in the CSF but the concentrations were lower than those obtained after aqueous penicillin G (2 megaunits iv daily) together with oral probenecid (2 g daily).
Apart from the benefit of lower doses of penicillin in the new regimen it seems likely that probenecid may have a direct effect on the blood-brain barrier, thus enhancing penetration of penicillin into the central nervous system. This however needs further evaluation.
Recently, Dunlop et of failure to eradicate the organism or to halt the progression of the disease in later stages-in particular, neurosyphilis-have been of recent interest. In some reports methodological difficulties raised uncertainties,2' but there were at least six which documented success in producing darkfieldpositive lesions containing typical treponemes in animals after the inoculation of materials from penicillin-treated patients with syphilis.4 6 7 22-24 Our findings confirm those of Boger et al,I who found that with aqueous penicillin G 100 000 IU im three-hourly low concentrations of penicillin (ranging from 0-019 to 0 052 IU/ml) could be detected in the CSF by the Rammelkamp serial dilution method, but after the addition of oral carinamide 3 g three-hourly the detectable concentrations of penicillin increased to between 0'026 and 2-5 IU/ml. Carinamide, like probenecid, delays the excretion of penicillin by inhibiting renal tubular function.
In our patients there was no detectable penicillin in the CSF after recommended doses of benzathine penicillin G and PAM or even after aqueous 
